A role for the nonmotor MAPs in the establishment of neuronal cell shape has been deduced from their distinct association with different neuronal cell compartments. MAP2 is preferentially found in dendrites and neuronal somata (Matus et al., 1981; Matus, 1991 conserved between Drosophila and vertebrates.
conserved between Drosophila and vertebrates. Three futsch mutations lead to a pronounced reducdevelopment proceeds normally in the embryo ( Figures  2B and 2C) . In the larvae, we noted a reduced number tion in the level of 22C10 antigen expression including futsch
M455
, futsch
P28
, and futsch N94 (Figure 2) Figures 2J, 3C , and 3D). We analyzed this aspect of the phenotype in the visual system. In third organs (lchO; Figure 4A , arrow). To analyze the morphology of the PNS neurons in mutant futsch P158 embryos, instar wild-type photoreceptor cells, distinct 22C10-positive fibers extend from the cell body into the axon we used the GAL4 driver line P0163 to express the transmembrane protein CD2 specifically in PNS neurons, and dendrites, but no staining is observed in the nerve terminals (Figure 3) . In futsch particular, SNb nerves fail to reach muscle fibers 12 and function leads to disruption of dendritic and axonal growth. 13 ( Figure 4K ). Motoneurons stall and fail to set up the correct innervation pattern in 89% of the segments (58 of 65 segments; in 7 segments, more severe phenotypes futsch Encodes a Large Protein In order to determine the size of the Futsch protein, we were observed). To determine the null phenotype of futsch, we analyzed the CNS defects associated with separated wild-type proteins on 4% SDS-PAGE gels. The equivalent of four heads was loaded on each lane the deficiencies Df(1)A94 and Df(1)S39 that remove the futsch locus. In both cases, we observed a nervous ( Figure 5A ). Following Western blot analysis, the size of the Futsch protein was estimated to be Ͼ500 kDa (Figure system phenotype very similar to the futsch P158 mutant phenotype ( Figures 4I and 4L) . Thus, P158 appears to 5A). In wild-type extracts, generally a prominent large protein with an apparent molecular weight Ͼ500 kDa be an amorphic mutation, whereas the K68 is a hypomorphic mutation of the futsch gene. Loss of futsch reacted with the mAb 22C10. In homozygous mutant To further prove that the high molecular weight immuto changes in the morphology of individual growth cones and cause minor defects in the projection of individual noreactive band identified by the 22C10 antibody corresponded to Futsch, fractions enriched in Futsch were axons ( Figures 6E and 6F, arrows) . However, these early axonal phenotypes did not lead to defects in the later subjected to mild acid hydrolysis (Landon, 1977 Figure 5B . The 31 kDa peptide Beside MAP1B, tau has been implicated in neuronal develfragment identified could represent either the 25, 31, or opment. Because so far no mutations in tau-related pro-34 kDa digestion products. However, the predicted 25 teins have been described in Drosophila, we used the and 34 kDa peptides correspond to amino acids 308-GAL4 system to analyze the effects of over-and coex-542 and 1-307, respectively. Since the 22C10 antibody pression of Futsch with different vertebrate MAPs on does not recognize a mini-Futsch expression construct axonogenesis in the embryonic PNS. that includes these amino acids, we can eliminate the As described above, expression of high levels of 25 and 34 kDa fragments as candidates. Therefore, the Futsch in the developing nervous system does not alter epitope recognized by 22C10 has been assigned to a axonal morphology and projection pattern ( Figure 6G ).
C-terminal domain of Futsch corresponding to amino
Similarly, expression of tau-GFP or rat MAP2c, a tauacids 4685-4982 ( Figure 7A Here we describe the identification and characterization of the gene futsch encoding the 22C10 antigen, which Elevated futsch Expression futsch is an essential gene that is required for dendritic has been widely used as a neuronal marker in Drosophila for almost 20 years. Loss of futsch function leads to and axonal growth. However, futsch is not expressed in all neurons, nor is it expressed in all tissues. Several embryonic lethality with pronounced neuronal defects. Our genetic evidence demonstrates that Futsch is neclines of evidence support the conclusion that futsch expression is tightly controlled through negative regulaessary for normal dendritic and axonal outgrowth. futsch encodes a large protein that cosediments with microtution. We as well as others have identified a number of loci that affect the expression of the 22C10 antigen bules. This is in agreement with the deduced Futsch protein sequence that shows significant homology to (Salzberg et al., 1994, 1997; Kania et al., 1995; T. H., K. Schimmelpfeng, and C. K., unpublished data). Among vertebrate microtubule-associated protein 1B (MAP1B). We present several lines of evidence indicating that these, mutations in the Zn finger transcription factor encoded by tramtrack lead to an ectopic expression of the futsch gene encodes the 22C10 antigen. Of all deficiencies covering about 80% of the genome, only those the 22C10 antigen in the entire somatic and visceral musculature ( Figure 6C; Giesen et al., 1997) . Despite removing the interval 1F/2A eliminated all 22C10 antigen expression. All EMS-induced futsch alleles map to this high levels of futsch expression, however, the morphology of the mesodermal cells appears relatively normal.
interval. An EP insertion was found to be integrated in the presumed futsch 5Ј regulatory region and can be In the nervous system, elevated levels of futsch expression were induced using the EP(X)1419 insertion used to efficiently activate 22C10 antigen expression. The first ORF downstream of this EP insertion is exand different GAL4 driver lines (see Experimental Procedures for details). High levels of Futsch expression lead pressed during embryogenesis in a pattern that closely 
